Delamination behaviour of an inhomogeneous multilayered cantilever beam of linearly changing width of the cross-section along the beam length is analyzed. The material in each layer of the beam has non-linear elastic mechanical behaviour. Besides, each layer exhibits continuous material inhomogeneity along the layer height. The solution to the strain energy release rate derived by considering the complementary strain energy is valid for beams made of arbitrary number of layers of individual thickness and material properties. In order to verify the solution, the strain energy release rate is obtained also by considering the balance of the energy.
Introduction
Due to their high strength-to-weight and stiffness-to-weight ratios, the inhomogeneous multilayered structural members of continuously changing cross-section in the length direction are very suitable for load-bearing structural applications where the low weight is an important issue. One of the basic drawbacks of multilayered structural members and components is the high risk of separation of layers or delamination. It should be mentioned that delamination has been analyzed mainly by using the methods of linear-elastic fracture mechanics [1, 2] . Therefore, the present paper is concerned with delamination analysis of a non-linear elastic inhomogeneous multilayered cantilever beam. In contrast to previous works which are focussed on delamination analysis of multilayered beams of constant cross-section [3, 4, 5] , the present paper deals with a multilayered beam of linearly changing width of the cross-section along the beam length. The delamination is analyzed in terms of the strain energy release rate by considering the complementary strain energy.
Solution to the strain energy release rate
A multilayered inhomogeneous cantilever beam with a delamination crack of length, a , is shown in where i s is the normal stress, e is the longitudinal strain, i D and i L are material properties. Each layer of the beam exhibits continuous material inhomogeneity in the thickness direction. The distribution of the material property, i D , along the thickness of the i-th layer is described as In (7), 1 k is the curvature of the lower crack arm, n z 1 is the neutral axis (it should be mentioned that the neutral axis shifts from the centroid since the beam is multilayered and inhomogeneous). The curvature and the neutral axis are determined by using the equations for equilibrium of the crosssection of the lower crack arm y and 2 z where the distribution of the normal stresses, ri s , in the i-th layer of the un-cracked beam portion is obtained by replacing of e with r e in formula (2) .
Finally, by substituting of (5), and (9) in (4), one obtains the following expression for the strain energy release rate: In order to verify (10), the strain energy release rate is derived also by considering the balance of the energy assuming a small increase of the crack length. For this purpose, the strain energy stored in the beam is found by replacing of the complementary strain energy densities with the strain energy densities in (5) and (9). The strain energy densities are calculated by substituting of (2) in the second formula in (6). The vertical displacement of the application point of the force, F , that participates in the expression for the strain energy release rate is found by the integrals of Maxwell-Mohr. It should be noted that the strain energy release rate obtained by considering the balance of the energy is exact match of that calculated by formula (10) which is a verification of the delamination analysis developed in the present paper. The solution to the strain energy release rate (10) is applied to evaluate the influence of the linearly changing width of the cross-section along the beam length, the delamination crack location along the height of the cross-section, the material inhomogeneity in the height direction and the crack length on the delamination fracture behaviour. In order to evaluate the influence of the crack location along the height of the cross-section, two three-layered inhomogeneous cantilever beam configurations are analyzed (a beam configuration with a delamination crack between layers 2 and 3, and a beam configuration with a delamination crack located between layers 1 and 2). The thickness of each layer 
